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SMART INSTRUMENTATION DEVELOPMENT AT LOS ALAMOS

Bruce H. Erkkila
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

For several years Los Alamos has Incorporated micro-
processors into Instruments +o expand the capability of
portable survey type equipment. Beginning with portable
pulse height analyzers, the developments have expanded to
small dedlcated instruments which hand!e the measurement and
Interpretation of varlious radiation fields. So far, Instru-
ments to measure gamma raye, neutrons, and beta particles
have been produced. The computer capabllity bullt into these
inetruments provides sligniflicant computational power into the
instruments. Capablli$y unheard of a few years ago In small
portable Instruments Is routine today. Large comp.iter-basad
|aboratory measurament systems which required much space and
electrical power cin now be Incorporated In a portable hand-
held instrument. The microprocessar developmants at Los
Alamos are now restricted to radiation monitoring equipment
but can be expanded to cheriical and blological appllications
as wall. Applications for adiation monitoring equipment and
othars are dlscussed.

INTRODUCT ION

For saveral vyears, Los
Alomos has taken a lead In the
davaiopmant of radiation moni-
toring Instrumantation as well
as portable data acquisition
and analysis systems. The
Instruments relnte to environ-
mental and workplace monitor-
ing, radiation dosimetry, and
othyr araas. Tha devalopment
program attempts to till pre-
sant tachnology gaps In axlist-
ing, cemmarclially avarlablae
instrumentation.

BACKGROUND

With the advances In low
powar microalactronics sevaral
years ago, It hecame possible
to build sophisticated circuits
which do not require much
electrical power. Microcompu-
ters were Invented and the
combinatlion of microelec ronics
and microprocdassors made possi-
blea the davelopment of very
powertful Instruments tfor mea-
suring and Interpreting signals
trom various radiation fields.
The tirst step ot Los Al amos
40s to develop multichannel



analyzers (MCA) wusing micro-
computers and +then Iinterface
these circuits to pulse ampli-
tiers and display circuits.
Next, dedicated instruments
were built around particular
detector s. For example, a
gamma-ray instrument was built
around a Nal detector; a
general purpose survey instru-
ment was bullt arou-d geiger
tubes and a solid state detec-
tor. The microcomputer is the
basic Ingredient of all these
instruments, which gives the
instrument very powerful
analyzing capabillty as the
desired information is wneing
acquired.

APPL I CAT I ONS

In the area of radiation
monitoring and radiation mea-
surements, data acquisition and
analysis Instrumentation has
traditionally been heavy and
bulky. Many applications
required one of a kind instru-
ment packages, which were Inte-
grated from modular systems
manufactured by a variety of
vendors. This resulited in a
very expenslive and complicated
tlnal product. Pulse elec-
tronic modules and pulse height
analyzers have been available
and have servad the laboratory
environment very well. But, In
the area of small portable
instrumentation, not very much
equipment has baeen available
except tor small portable sur-
vey type instruments. There
has been a notliceable lack of
small porvablea sophis*icated
instrrunantation tor complicated
data acquisition and data anal-
ysls In the tleld.

At Los Alamos, our group
(1T=1) has concentrated on this
problem ftor several years. The
tirst instruments to ke
addressed involved a portable
MCA (Fig. 1) and small instru-
ments incorporating MCA cir-
cuits with the front end detec-
tor and amplifier packages.
Very otten the application of
the wuser Invelves measuring
complicated radiation fields or
radioaztive materials and there
is a reguirement to analyze the
data from such measurement in
the field. Some analysis In
the field is necessary to pro-
perly aevaluate the information
in the measurement In 2 timely
tashion. Small microcomputers
Incorpoirated in the instrument
package can make possible this
type of activity away from the
laboratory.

Several particular cases
have baen addressed recently. A
portable neutron spectrometar /
dosimeter was developed and
bullt around a gas propcrtional
LET counter (Fig. 2). This
counter is a tlssue equivalent
|Inear energy transfer chamber
commonly called a Rossi countar
(Rossi and Failla, 1956). The
Instrument has been designed to
give the user some Informaticn
about the LET spectrum, 2315 we. |
as the dose aud dose aquivalent
from a nautron radiation flald.
The main |lImitation of the
instrument is thae anergy |imit
of tha neutrons which can bo
datected. Low anergy noutrons
such as thermal neutrons and
nautrons balow about 100 kaeV
show littla or no response In
the Instrumant,



Another Iinstrument  was
developed to he!p address the
problem of several difierent
types of radiation simultane-
ously (Fig. 3). This general
purpose instrument has three
detectors and a microcomputer
circuit switches to the proper
detector as directed by the
user. The detectors ere a
sillcon surface barr'‘er solid
state detector, a very sensi-
tive G-M tube and a less sensl-
tlve high range G-M tube. The
instrument is usaful for
detecting gamma rays, beta
rays, alpha particles and neu-
trons. The G-M tubes are used
for beta and gamma rays, and
the solid state detector is
used for alphas and neutrons.
Neutrons are monitored by
detecting the recoll protons
from a polyethylene radlator in
front of the sllicon detector.
Other features, such as multi-
channel time storage, can be
programmed into the Instrument.
With wvarious software, the
instrument can be programmed
for just about any Imagined
special problem in radtat!on
monitoring.

A portable be*a-ray spec-
trometer/dos imeter (Fig. 4),
similar to the neutron instru-
ment described above, Is
currently being developad. In
thls cnse, the detector Is a
tissue-equivalent plastic scin-
tiilator and can be part ot the
instrument package or a separ-
ate unit. The rnergy spactrum
ot the betas, along wlth dose
Information, will be available
to the operator.

A small wrlstwatch-sized
dosimetor has long been a goal

of instrument designers. A
prototype poc«et dosimeter and
a small wristwatch model have
been ftfabricated (Fig.5). The
smaller version has Iincorpora-
ted hybrid electronic clrcuits
and a cadmium telluride detec-
tor, with a microcomputer to
provide a myriad of teatures in
a small |ighi package. A com-
mercial varsion ot this Instru-
ment would utilize a dedicated
microelectronic circuit and
would actually be the size of a
nodern digital wristwatch.
Again, with chosen software,
the features of such a device
can be just abhuf anything you
desire.

Other Instruments which
Incorporate on-board microcom-
puters include very compact
general purpos2 packages to be
used for such applications as
field contamlnation monitors
(Fig. 6). This package, called
the "Violinlist", includes a
multicharnnel analyzer wlith
several programmed regions of
Interest which can be used to
analyze the energy spectrum
being measured 'y the detector.
All the calculations necesuary
tor thls analysls are pertformed
In i aal time while the measure-
measurament is belng performed.
This genera! purpose Instrument
acgain can he changed with soft=
ware to addrass several diffar-
ant Instrument applications.

Finally, at Los Alamns,
another progrom Involves Inte-
grating sweveral survey Instru-
ments to uw positlon-locating
system currantly belng provided
by Motorola, Inc. Fach tle!d
Instrument will have a micro-
computer to procuss information



and prepare It to be trans-
mitted to a central processor
with a larger computer. The
locatlon of each fleld Instru=-
ment, along with its radiation
reading, will be +transmitted
back to the central computer.
The information at the central
computer, Iincluding the posi-
tion and radiation reading for
every field instrument, will be
displayed. For training pur-
poses, the function of the
tfield Instruments is reversed
and the central computer will
transmit a reading for each
instrument, dependirg on their
location. This feature pro-
vides in-field simulated npera-
tion of the radiation Iinstru-
Instruments without the need
for radiation sources in the
field.

CONCLUS IONS

A revolution in sma'l
portable instrumentation is
taking place as a result of
recent developments in micro-
circuits ang microcomputers.
The future looks very bright
indeed for further develcpments
in Instrumentation. Fast, low
power devices will be utilized
for many future develcpments.
Even more complicaTted and
sophisticated measurament pro-
biems in the field will be
possible with these new tools.
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cigure 1. A portable multichanne! anzlyzer

Figure 2. A portable neutron spectrometer/dos imeter
Figure 3. A general purpose radiation survey instrument
Figure 4. A portable beta spectrometer/dosimeter
Figure 5. A wristwatch dosimeter/dose rate meter

Figure 6. The "Violinlst" instrument package
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